This study investigates the dynamic relationship between trade, environment and economic development in East Asia. Empirical analysis based on panel cointegration technique suggests that there is a long-run stable relationship among economic development, trade and environmental pollution in East Asia. In order to examine the role of the level of economic development, the sample is extended to include some major world economies. The extended sample was then divided into three groups: East Asia, developed countries and developing countries. The estimated results based on panel VAR suggest the presence of interrelationship among all variables in each of three country-groups. The impulse response analysis reveals that shocks to economic development and trade in developing countries lead to a large increase in pollution. However, in the case of developed countries, an increase in GDP results in a decrease in pollution. We find that the level of economic development plays a crucial part in determining the direction of the interrelationship among trade, environment and economic growth.
I. INTRODUCTION
The level of public awareness concerning the implications of human-activities-related environment degradation and climate change has significantly increased in recent decades. As a result of this growing awareness, a vast literature that deals with the relationship between economic development and environment has emerged. The early work of [1] provided the most comprehensive review on the relationship between economics and environment in a general equilibrium setting. Their research reveals that, due to the presence of diminishing marginal return on environmental resources, the use of environmental resources in production first increases. However, once the economy reaches a certain critical level of development, the use of environmental resources in production declines. In other words, there is an inverted U-shaped relationship between income and environmental degradation. The relationship between income and environmental degradation is also known as the Environmental Kuznets Curve (EKC). Ref. [2] "s empirical study supports the idea of an inverted U-shape relationship between income and environmental degradation. While the link between pollution and economic development is generally backed up by a large number of studies that cover many countries, the issue of what measures of pollution (i.e., deferent types of pollutants) to use in such is far from settled. Manuscript The use of different pollutants can leads to different empirical results. For example, while considering the case of China, [3] used five different types of pollutants. Using a simultaneous equations model, [3] found that empirical results concerning the link between economic growth and pollution vary vastly cross the type of pollutant used. Ref. [3] "s work highlights alternative policy instruments in use on environmental issue. Ref. [4] used a semi-parametric approach to test the EKC hypothesis. Their work is based on cross-city data from the US for 1990. In their non-parametric/semi-parametric model, model specification is mainly determined by data, instead of being imposed ad hoc prior. Related studies include [5] - [8] .
The debate over economic development and change in environment has coincided with vigorous debate on the environmental consequences of globalization. WTO"s special study on "Trade and Environment" suggests that environmental degradation is caused by (i) chemical intensive agriculture, (ii) deforestation, (iii) global warming, (iv) acid rain, and (v) overfishing ( [9] ). It is argued that though international trade is not the direct cause of environmental degradation, international trade can sometimes exacerbate the effects of poor policy and market failure. To investigate the linkage between trade and pollution, [10] empirically studied the impact of North America Free Trade Agreement (NAFTA) on environment. They decomposed the effect of trade on environment into scale, composition and technique effects. In a series of subsequent studies, [11] , [12] developed a theoretical model that deals with the interaction of scale, composition and technique effects associated with trade and pollution. More recent studies have attempted to investigate the trade-environment link issue by making use of multi-country data and more advanced statistical techniques. Using an instrumental variable (IV) based estimation technique, [13] examined the impact of openness on environmental quality. As trade and income as endogenous variables, the use of an IV based estimation technique is highly appropriate. Similar study, such as [14] - [16] , found different environmental effects of international trade, by empirical testing different pollutants.
While a large number of existing studies have focused on the link between economic development and environment as well as economic development and trade, few studies have investigated the interrelationship between international trade, economic development, and environmental pollution in a dynamic setting. 1 The purpose of this study is to explore the dynamic relationship between trade, environment and economic development in the context of East Asia and some other major world economies. This paper is organized as follows. Section I includes the study background and a brief literature review. Data and procedures used to investigate the dynamic relationship among trade, economic development and environmental change is discussed in Section II. Empirical results are presented and discussed in Section III. Section IV contains some concluding remarks.
II. METHODS AND DATA

A. Specification of Empirical Model
Based on the existing literature, it is conjectured that trade has contributed to economic growth through globalization. At the same time, increased trade has implications for the environment. Increase in international trade almost always involves increase in production. An increase in production can result in higher level of pollution. In other words, increased trade has resulted in higher demand for environmental resources. 2 At the same time, increase in household income, due to economic growth, has also resulted in requirement for better environmental quality. Environmental resource, like other inputs (such as labour and capital) has been widely recognized as a critical input that could cause comparative advantage in international competition.
In order to investigate the dynamic linkage between economic development, international trade and environment, in this study, we use panel Vector Auto Regression (VAR) approach. This methodology also allows one to examine the extent of independencies among time-varying variables in a panel setting.
In panel VAR model, trade, economic development and environment are treated as endogenous variables. The right hand side variables in VAR setting as shown in equations 1(a) to 1(c) include lagged values of both the right hand and the left hand side variables. 
NV
it ENV e  1(c) 2 In this study, we use pollution as a measure environmental resources.
where i represents the index of section (country); t represents time (year); l is the longest lag period; GDP is the gross domestic product; trade is a measure of international trade; ENV is a measure of environmental resource;  are the unknown population parameters; f captures the sectoral fixed effects; and it e is the error term which captures the impact of all omitted variables. As shown in equation 1(a) to 1(c), each of the three variables is affected by its own lagged values as well as the lagged values of other endogenous variables. The above three equations model can also be viewed as a reduced form model. One of the most important assumptions, in panel data regression, is that the structure across sections remains fixed. Following, [20] , [21] , in this study we use mean-differencing approach to remove the forward mean (i.e., the mean of all of the future observations for each country in every year to assure the individual effect is eliminated and same-structure assumption is not violated). In order to estimate the reduced form model as shown in 1(a) to 1(c), GDP (in constant US dollar values) is used as a measure of economic development, CO 2 emission is used as proxy for environmental quality and the sum of import and export (in constant US dollar values) measures the level of international trade. Data are collected from the World Databankthe World Development Indicators (World Bank dataset). While the focus of this study is on East Asia, for the comparison purposes, data from some major non-East Asian developed and developing economies is also utilized. The classification criteria used in this study is based on the definition of World Banki.e., Countries with GNP per capita higher than US$12,616 in 2012 are classified as developed countries. The country groups are shown in Table  I .
B. Data and Descriptive Statistics
In this study, we use logarithmic forms of all endogenous variables. The logarithmic form is used for two reasons: (i) the estimated population coefficients can be interpreted as elasticity and (ii) as the panels include heterogeneous countries and we use absolute values of all the variables that vary considerably across countries, logarithmic reduces the scale effect. The summary statistics of the logarithmic variables is presented in Table II .
III. EMPIRICAL ESTIMATION AND DISCUSSION
A. Stationarity Test
It is widely recognized that econometric analysis based on non-stationary time series could lead to the problem of spurious regression ([22]- [24] ). In order to avoid this problem, we need to test for stationarity of variables before we estimate the dynamic relationship among the three endogenous variables. Unlike the times series data that consists of only one section, panel data allows for the sections to have different individual effects.
Before estimating the empirical model, we test for both the common unit root and individual unit root. The results of panel unit root testing are reported in Table III. The results reported in Table III suggest that GDP and Trade are non-stationary in levels but the first differences are stationary. However, in the case of CO 2 , four out of five tests suggest non-stationarity in the level variable but the first differences are stationary. In the case of unbalanced panel data with potential individual unit root process, ADF-Fisher Chi-square could be the best fitted approach since it conducts unit root test for each panel individually. The ADF-Fisher results show that the unit root process exists in all of the three variables. In other words, all of the three variables are non-stationary in levels. As all variables appear to be non-stationary in levels but stationary in first differences, econometric theory suggests testing for the presence of panel cointegration. The presence of panel cointegration implies the presence of a long-run relationship among development, trade and pollution. The results of Johansen-Fisher panel cointegration test are presented in Table IV . The results of Johansen-Fisher panel cointegration test suggest that the hypothesis of no cointegration should be rejected. Therefore, it is conjectured that though economic development, trade and CO 2 pollution are all non-stationary, these three variables are connected though a common stochastic trend. 
B. Panel VAR Estimation
The main objective of this study is to test for the presence of a dynamic relationship among economic development, international trade and CO 2 pollution. The empirical specification, i.e., equations (1a) to (1c) assume that both economic and environmental variables are partly determined by their past values and also have impacts on the own performance in the future. At the same time, a dynamic system that is characterized by interacted effects -i.e., the past values of one factor could affect other factors in the future. It is widely believed that trade affects economic development and change in the level of pollution is mainly caused by economic development. To test for the presence of these dynamic effects, we use the panel VAR. In order to take in to account the impact of the differences in the level of economic development, the dataset has been divided into three groups. The three groups as selected East Asian economies (EA), selected Developed Economies and selected Developing Economies. The hypotheses being tested are as follows: (i) the dynamic relationship among trade, development and pollution varies across the level of economic development, and (ii) all country groups follow the same developmental trajectory. Panel VAR regression results are presented in Table V . Table V shows that GDP, trade and the level of CO 2 emission demonstrate significant auto-regressive trend. The last year"s GDP has a significant and positive impact on the current year"s GDP. Comparing the three groups, it can be argued that developed countries have strong auto-regression effect in terms of GDP, followed by East Asia countries, and the developing economies. In contrast, trade of developing countries shows a stronger time-effect compared to East Asian and developed economies. The pollution variable demonstrates a similar trend.
While the auto-regression results demonstrate a fairly similar pattern, the analysis of the interaction effect reveals some interesting differences among the three groups. Table V shows that the impact of last year"s trade on current year"s GDP of developing countries but such pattern is observed neither in developed nor in East Asia country groups. However, the impact of CO 2 on GDP is significant across each of the three country groups. Comparing the regression coefficient of variables in logarithm, East Asia economies have a higher elasticity of current economic development with respect to past pollution.
The estimated results concerning the impact of pollution on trade contain some counter-intuitive results. The unique group that presents the significant influence of pollution on trade is developed countries. While the notion that loose environmental policy generated comparative advantage in trade to developing countries is largely discarded, the empirical results presented in this paper do not support this conjecture.
The results regarding the determinants of CO 2 emission reveal a different story. The results presented in Table V suggest that both GDP and trade have insignificant impact on pollution in East Asian and developed country groups. In the case of the developing country group, both economic development and trade impact on environment significantly. While, the GDP has a negative impact on CO 2 pollution and trade, the impact of trade on pollution is positive. The former could be explained by means of the EKC hypothesis. As income grows, due to economic development, demand for cleaner environment increases. The latter trend could be explained by the observed increase in demand for environmental resources as economies growth and volume of trade increases.
C. Impulse Response Analysis
The main purpose of using the VAR approach is to examine the dynamic interaction among variables of interest. To trace out the dynamic responses of endogenous variables in the economic system with respect to a set of identified shocks over time, Impulse Response Function (IRF) is estimated. Fig. 1(a)-Fig. 1(c) present the impulse response of GDP, trade and CO 2 to one standard derivation shock in each of the three endogenous variables of different countries groups. The first row of each figure shows the response of GDP to the three different shocks, the second row of each figure shows the response of trade to the three different shocks, and the third row shows the response of CO 2 . The upper and lower boundaries show the interval estimation at the 5% level of significance.
The IRF graphs show that the response of GDP to innovation itself decreases smoothly. The series of trade and CO 2 demonstrate the similar trend. The response of GDP to innovations in trade and CO 2 is generally weak, considering GDP series have strong auto-regression feature. The response of trade to the shock in GDP and CO 2 decreases in the case of East Asian and developed economies but it increases in the case of developing economies. There are noticeable differences in the response of CO 2 to shock to GDP and trade across developed and developing countries. While a positive shock to GDP leads to a decrease in CO 2 in developed countries, the response of CO 2 in the case of developing countries is almost constant. In contrast, in the case of developing countries, a positive shock to GDP leads to an increase in CO 2 and a positive shock to trade has a similar effect on CO 2 in developing countries. Fig. 1(c) . Impulse responses for developing countries. Fig. 1 . Impulse response analysis. The country id: 1=China, 2=Japan, 3=Korea, 4=Indonesia, 5=India, 6= Malaysia, 7=Singapore, 8=Thailand, 9=Vietnam, 10= Philippines, 11=United States, 12= Australia, and 15=Euro area.
D. Variance Decomposition
Variance decomposition analysis reveals how much of the variance of forecast error is determined by each of the endogenous variables. The results of variance decomposition are presented in Table VI . The results presented in Table VI suggest that the unexpected change in trade and CO 2 has very small effect on the variance of GDP in East Asian group and developed country groups. However, a change in trade has a large effect on GDP of the developing country group. Table VI also shows that, in the group of developing economies, the impact of innovations in trade is stronger on CO 2 than the impact caused by innovation in CO 2 . Conversely, the innovation in CO 2 explain most of the variance in itself in East Asian and developed countries groups, rather than other aspects.
IV. CONCLUSIONS
This study aims to investigate the dynamic interrelationship among economic development, international trade, and environmental pollution in East Asia. We use CO 2 emission as a proxy for pollution. Using panel cointegration analysis, we find that there is a stable long-run relationship among the three variables. In order to focus on the role of the level of economic development, the sample is extended to include some major world economies. The extended sample is divided into three groups: East Asia, Developing countries and Developed countries. The empirical analysis based on panel VAR approach suggests the present of significant interrelationship among the three variables in each of the three country groups. Surprisingly, only the group of developed countries shows a significant relationship influence of pollution on trade which rejects the pollution haven hypothesis in the sample. We find that both GDP and trade have insignificant impact on pollution in East Asia and developed country groups. In the case of the developing country group, economic development has significant negative impact on environment, and trade has positive impact on CO 2 pollution. The former is consistent with Environmental Kuznets Curve (EKC) hypothesis but the later result suggests that demand for environmental resources increase due to growing production. The empirical results presented in this paper suggest that the level of economic development plays a crucial part in determining the interrelationship among trade, economic development and environmental pollution.
